Abstract. Galactose-l-phosphate uridyl transferase activity has been demonstrated in hybrid cells formed from the fusion of human diploid fibroblasts obtained from different patients with galactosemia. The enzyme produced by the hybrid cells was similar to the normal enzyme in regard to Km, pH optimum, and electrophoretic mobility on starch gel, but differed in specific activity, Vmax and thermal stability. This is the first reported example of interallelic complementation in fused human diploid cells.
Cell fusion techniques have been used recently to demonstrate intergenic complementation in mutant human diploid cell strains.1'2 Interallelic complementation has been shown to occur in many systems including drosophila,3 fungi,4 and bacteria.' However, the occurrence of this phenomenon in human diploid cell lines has not previously been reported. The purpose of this study was to determine the feasibility of using cell fusion techniques to demonstrate interallelic complementation in human diploid fibroblasts. Galactosemia is a rare autosomal recessive disorder,6 caused by a mutation affecting a single enzyme, galactose-1-phosphate uridyl transferase, "transferase" (EC, 2.7.7.12, UDP-glucose: a-D-galactose-1-phosphate uridyl transferase). 7 Cell strains obtained from patients with galactosemia have been previously shown to retain the genetic defect.A-0 The demonstration of transferase activity in the hybrid cells formed by the fusion of some transferase-deficient cell strains suggests that interallelic complementation occurred.
Materials and Methods. Cell culture: Skin biopsies were obtained from seven patients with galactosemia and from age-matched controls by techniques previously described. mmn and air-dried and Giemsa stain was applied for 7 min. Chromosome preparations were obtained by methods previously described.15
Biochemical studies: The fibroblasts were harvested by exposing the cells to a mixture of 1 part 0.25%o trypsin and 4 parts 1: 5000 EDTA (G.I.B.Co., Grand Island, N.Y.)
for 15 min. The cell suspension was centrifuged at 100 >X g for 10 min at 4°C and the cells were washed twice with isotonic saline. The cell pellet was suspended in 0.01 M glycylglycine buffer, pH 7.5 and the cells were disrupted by repeated (4X) rapid freezing in a dry ice-acetone bath followed by thawing at 37°C. The cell homogenate was centrifuged at 60,000 X g for 30 min at 4°C and the supernatant used for enzyrme assay.
The supernatant, dialyzed in collodion bags suspended in 0.01 M glycylglycine buffer, PROC. N. A. S. pH 7.5, for 30-45 min at 4VC, was used for determination of Michaelis-Menten constants, for measurement of thermal stability, and for starch gel electrophoresis. The dialyzed supernatant contained 2-4 mg protein per ml as determined by the method of Lowry et al. 16 All chemicals used were obtained from Sigma Chemical Company with the exception of dithiothreitol (DTT) (Calbiochem). Transferase assay: Fibroblast transferase was assayed either by a modification of the uridine-5'-diphosphate glucose (UDP-Glc) consumption assay'",8 or by a modification of the NADP linked assay.'9 The UDP-Glc consumption assay was performed as follows: 50 A1 of supernatant was incubated at 370C for 30 min with 50 ,JA of 19.5 mM DTT and 50 ,Al of 0.5 M glycylglycine buffer, pH 8.7; 50 Al of 2.91 mMi UDP-Glc was then added to four tubes. 50 til of 6.9 mM galactose-1-phosphate (Gal-1-P) was added to tubes 1 and 2, 50 ,Ml of deionized water to tubes 3 and 4 (control), and these mixtures were incubated at 370C for 60 min. After incubation, 1.75 ml of 0.15 1\1 glycylglycine buffer, pH 8.7 was added and the protein was denatured by heating in a boiling water bath for 5 min. After cooling, the UDP-Glc remaining was assayed by incubating 0.5 ml of sample with 0.3 ml of 0.15 M glycylglycine buffer, pH 8.7, 0.1 ml of 0.01 AM NAD, pH 8.0, and 0.1 ml (200 units) of uridine-5'-diphosphate glucose dehydrogenase (UDP-Glc dehydrogenase). Absorbance was measured at 340 nm on a Gilford model 2000 recording spectrophotometer before and 20 min after the addition of UDP-Glc dehydrogenase. The difference between the mean of tubes 1 and 2 and of tubes 3 and 4 represents the amount of UDP-Glc consumed (expressed as micromoles of UDP-Glc consumed per hr per 100 mg protein).
The NADP-linked assay was performed as follows: 0.1 ml of supernatant was incubated at 370C for 30 min with 0.1 ml of 19.5 mM_ DTT and 0.1 ml of 0.5 M glycylglycine buffer, pH 8.7. After incubation, 0.7 ml of reaction mixture containing 0.16 Amol of MgCl2, 0.6 Amol of NADP, 0.1 unit of phosphoglucomutase (rabbit muscle), 0.04 unit of glucose-6-phosphate dehydrogenase (Type XV-Bakers Yeast), 0.007 unit of 6-phosphogluconic dehydrogenase (Type V Yeast), 0.6 ,Imol UDP-Glc and 2.0 ,mol Gal-i-P were added. The control tube contained water in place of Gal-1-P. The rate of NADP reduction was recorded at 340 nm in a Gilford model 2000 recording spectrophotometer at 370C and expressed as micromoles of UDP-Glc consumed per hr per 100 mg protein.
pH optima studies: The pH optimum curve was determined by the UDP-Glc consumption assay, as described above, substituting 50 ,l of appropriate 0.5 M glycylglycine buffers for pH values between 7.5 and 9.0.
Michaelis-Menten constants: The Michaelis-Menten constants of the enzyme for UDP-Glc at 2 mM Gal-1-P and for Gal-i-P at 0.6 mM UDP-Glc were determined at 370C using the NADP-linked assay with 0.12-1.2 mM UDP-Glc and 0.2-2 mM Gal-i-P.
Thermal stability: The thermal stability of the hybrid and normal enzymes was determined by incubating 0.3 ml of dialyzed supernatant at 50'C for 2 and 5 min. The samples were chilled immediately and the transferase was assayed by the NADPlinked method described above. Results. Isolation of transferase activity (Gal+) hybrids: During 8 weeks of selection, three of the possible twenty-one heterologous hybrid mixtures were found to contain appreciable levels of transferase activity while no transferase activity could be detected in any of the seven homologous hybrid mixtures (Fig. 2) . This activity was first demonstrable after seven days of selection. Normal enzyme activity was found in the normal-normal strain and all normalmutant hybrids. No enzyme activity was observed in any heteroiogous mixtures in the absence of Sendai virus even after selection. Chromosome studies: Seventy-two hours after incubation, tetraploid chromosome complements could be demonstrated (Fig. 4) . In selective medium, cells with tetraploid chromo-_ some complements, i.e., 92 chromo-_ somes, were found to persist and in-c rease in number to approximately 50%O of the cell population after twom onths in culture. Nature of the hybrid enzyme: The (Fig. 5) .
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Discussion. The transferase activity found in hybrid cells formed by the fusion of cells derived from different patients deficient in transferase activity strongly suggests that interallelic complementation has occurred. The fact that complementation can occur further indicates that the mutations at the transferase loci in the two parental cell strains are likely to be point mutations and not identical.
The transferase enzyme formed in the fused hybrid cells appears to be similar to the normal in several respects, including Km, for both substrates, pH optimum, and electrophoretic mobility on starch gel. It differed from the normal enzyme in Vmax. and thermal stability. These latter differences suggest that the hybrid enzyme is structurally different from the normal. On the basis of these differences and of evidence from other systems,--5 we speculate that the hybrid enzyme forms through the association of altered subunits. The lower specific activity in the hybrids can be the result of random association of altered subunits in which only certain combinations would be active. It has already been suggested that the transferase enzyme is composed of subunits.2' It is possible that the transferase enzyme is determined by more than one locus, in which case we would be observing intergenic rather than interallelic complemnentation.
Differentiation between these two possibilities will require further studies on the structure of the transferase enzyme. An alternative possibility is that somatic recombination has occurred. Although this possibility in our opinion is an unlikely explanation for these data, cloned hybrid cells will be examined for transferase deficient segregants after various periods in culture.
The random fusion of cells in mixed culture, with concomitant decrease in enzyme activity per active hybrid cell, necessitates a specific selection technique to obtain sufficient cells for study. Thus, to investigate interallelic comple-mentation with other loci, the development of specific selection techniques is imperative. At present, genetic fine structure analysis in humans is very limited and interallelic complementation may prove an important tool in the study of the genetic heterogeneity observed in many human biochemical disorders.
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Abbreviation: DTT, dithiothreitol. 
